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摘  要 
I 










采用均匀沉淀法制备的 Ni 含量为 1 wt%的铜硅催化剂在 DMO 的液时空速为 1.2 
h-1 时，乙二醇选择性达 92.76%，而无镍掺杂的铜硅催化剂在相同的液时空速下，
乙二醇的选择性仅为 80.00%。即采用均匀沉淀沉积法制备的镍掺杂量为 1 wt%












了 Cu/SiO2 催化剂，考察了催化剂以 10%DMO-甲醇作为反应原料时的使用寿命，













摘  要 
II 
纳米粒子聚积长大、分散性变差是导致催化剂失活的原因。对催化剂在 473 K 进





料，Cu/SiO2 催化剂连续反应 200 h 后 DMO 转化率和 EG 选择性仍保持在 98%以
上，可见乙醇作为 DMO 的溶剂，在延长催化剂使用寿命中起重要作用。原位红
外表明，在 Cu/SiO2 催化剂上，DMO 在 10%DMO-甲醇中首先吸附到 SiO2 表面，
而在 10%DMO-乙醇中 DMO 比乙醇优先吸附到铜表面继而发生解离，而且甲醇




















Ru-based homogeneous catalysts and Cu-based heterogeneous catalysts are 
considered to be well performed in hydrogenation of dimethyl oxalate (DMO). Being 
aware of the diffculties in the catalyst-product separation for the homogeneous 
catalysts, Cu-based heterogeneous catalysts have been paid more attention in 
hydrogenation of dialkyl oxalate. Due to the problems of short lifetime and poor 
stability, Cu/SiO2 catalyst is limited its practical application. A high yield of EG was 
obtained on Cu-Cr catalysts, nevertheless, as a result of the toxicity of Cr, this type of 
catalyst has not proved to be of commercial use. Therefore, oxalate hydrogenation 
catalyst research has moved to the development of Cr-free Cu based catalysts with 
long lifetime. 
Firstly, the promoting function of nickel was studied in this paper. A series of 
Cu-Ni/SiO2 catalysts were prepared by homogeneous deposition and impregnation 
method which marked as CNS-x (x was the mass percentage of nickel) and 
CNS-1-IM, respectively. The results of catalytic activity showed that CNS-1 catalyst 
exhibited the best catalytic activity among the CNS-x and Cu/SiO2 catatlysts. The 
conversion of DMO and selectivity of EG were 100% and 92.76% respectively on 
CNS-1 catalyst, but DMO conversion of 98.40% and EG selectivity of 80.0% were 
obtained on Cu/SiO2 catalyst when the DMO liquid hour space velocity (LHSV) was 
1.2 h-1. The association of structure and activity of catalysts was explained by using 
X-ray diffraction patterns (XRD), H2 temperature program reduction (TPR), 
transmission electron microscope (TEM), H2 temperature program desorption 
(H2-TPD-MS), Fourier transform-infrared spectroscopy (FTIR) and N2 physical 
adsorption. The results showed that Ni species on the catalyst prepared by 
impregnation method did not have a good dispersion and interaction with Cu species, 
and even made Cu species partially gathered, which reduced the catalytic ability. 















method, which was beneficial to the interaction between Cu and Ni species. This 
interaction could weaken the ability of H2 chemical absorption and increase the 
quantity of CO chemical absorption on Cu-Ni/SiO2 catalysts. Adding 1 wt% nickel 
could balance the two factors, which promoted catalytic performance. The results of 
N2-physical adsorption showed that the promoting function of nickel was more related 
to the state of metal species on the surface of catalyst than the difference of porous 
structure and surface area.  
Secondly, the deactivation of Cu/SiO2 catalyst was also studied in this paper. The 
lifetime of catalyst in 10%DMO-methanol was investigated, and obvious deactivation 
of catalyst was observed within 15 h. The catalysts reacted for a certain time were 
characterized by XRD and TEM, and the results showed that coagulated copper 
nanoparticles and poor dispersion of copper species brought about deactivation. The 
catalysts were exposed to the H2, methanol and H2, ethanol and H2 at 473 K for 24 h, 
respectively, and the the results showed that the main reason of coagulation was that 
the copper species experienced a number of cycles of Redox other than high 
temperature sintering. The FTIR spectra of catalysts exposed to methanol and ethanol 
indicated that the alcohols could be decomposed on Cu/SiO2 catalyst, suggesting that 
alcohols play an important role to accelerate copper particles coagulation. The 
lifetime of Cu/SiO2 catalyst in 10%DMO-ethanol was also investigated, and the 
excellent catalytic performance could be stable for more than 200 h in 
10%DMO-ethanol. The in-situ FTIR characterization showed that DMO was initially 
absorbed on the surface of SiO2 in 10%DMO-Methanol, however, in the case of 
10%DMO-Ethanol, DMO was mainly absorbed on the Cu surface and gradually 
decomposed. Methanol was more easily oxidized to CO and CO2, but ethanol was 
oxidized to ethyl acetate, acetic acid, and aldehyde on Cu/SiO2 catalyst, which maybe 
the one reason that ethanol played an important role to slow down the coagulation of 
copper particles during the hydrogenation process. 
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